Abstract
INTRODUCTION
Breast cancer is the most common cancer in women worldwide [1] . Mortality of breast cancer has declined notably in the United States, with death rates in 2012 decreasing 36% from peak rates as a result of improvements in early detection and treatment [2] . Yet, there remains considerable heterogeneity in the outcomes of early stage breast cancer [3] . The rate of death at 7 year due to stage Ⅰ breast cancer was 2.1% in women aged 40 years or younger (as compared to 1.6% in women aged over 50) and was 3.8% in women with negative estrogen receptor status (as compared to 1.1% in those with positive estrogen receptor status) [3] . There is a large consensus that imaging should be limited to patients with apparent advanced disease or clinical suspicion of metastases [4] [5] [6] [7] . Accordingly, staging scans are seldom performed [6, 8] . The question arises, then, as to whether the excess mortality observed in "early stage" patients [3] is due to unfavorable biological factors or instead to the initial misclassification as "early stage". We hypothesize that some clinically early stage breast cancer patients could benefit from a formal staging workup. [18] fluorodeoxyglucose-positron emission tomography ( 18 FDG-PET) scan is a valuable, well established tool for diagnostic staging in numerous cancer sites [9] [10] [11] [12] , as well as for locally advanced breast cancer to detect distant metastases (DM) [13] [14] [15] . Even though PET imaging is more sensitive for detection of loco-regional spread and metastatic disease in breast cancer compared to computed tomography (CT) scan alone, its high cost precludes the routine use of PET scan in clinical practice. Thus, a review of the literature is necessary for future guidelines about the benefit of PET scan in early stage breast cancer.
Standard-of-care for early stage breast cancer is surgery, either alone or followed by adjuvant radiotherapy and/or systemic therapy, depending on the pathologic stage and the type of surgery to be performed. The presence or absence of axillary lymph node metastases in patients with clinically non-palpable lymph nodes is routinely assessed through sentinel lymph node sampling or axillary lymph node dissection. Alternatively, PET scan could be most helpful in assessing the presence of DM in early stage breast cancer, which would preclude firstline surgery [16] . The prevalence of occult DM diagnosed by PET scan in patients with early stage breast cancer has not been analyzed and was the topic of this literature review. In particular, we sought to identify subsets of early stage breast cancer patients who might benefit most from PET scan, prior to surgery.
MATERIALS AND METHODS

Literature search strategy
Electronic searches were performed in the following databases: PubMed, EMBASE, ISI Web of Knowledge (Web of Science), and Google Scholar. The following terms were explored and used in each database search: "Breast cancer", "surgery", "PET scan", "distant metastases", and "stage Ⅰ (T1N0M0) and Ⅱ (T0-2N1M0, T3N0M0)". All relevant articles were accessed in full-text. The reference lists of relevant papers were then searched for additional publications.
Selection criteria
Eligible studies over the past 6 year (2011-2017) in the present review included those in which patients had 18 FDG-PET/CT scan as part of their workup prior to or immediately after surgery for histologically-proven breast cancer, regardless of age or sex, and in which the rates of DM were reported by 18 FDG-PET/CT scan. All patients had clinical stage Ⅰ or stage Ⅱ breast cancer.
Only studies reported in English were considered. Duplicated studies were excluded.
Data extraction and critical appraisal
Prevalence of DM was extracted from each study and correlated to the disease stage. The influence of age, histology (e.g., lobular vs ductal), tumor grade (e.g., well differentiated vs poorly differentiated), and receptor status on the rate of DM (if reported) was also analyzed using descriptive summaries. Figure 1 summarizes the search strategy. A total of 701 reports published between 2011 and 2017 were considered. Out of the 82 full papers that were assessed according to their potential for consisting of information relevant to the review, 18 were found to match the selection criteria and were selected for study inclusion. 18 FDG-PET/CT scanning had been performed in addition to the clinical staging with or without conventional imaging in those 18 studies, either through a retrospective review or within a prospective protocol.
RESULTS
Number of reports analyzed
As none of the studies was randomized, bias could not be excluded. Publications reviewing patients with early stage invasive breast cancer were included.
Prevalence of DM diagnosed by 18 FDG-PET/CT scan according to patient characteristics
Clinical stage: The rates of DM ranged from 0% to 30% [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] [31] [32] [33] [34] for the entire group of reported patients.
However, only 9 of the studies correlated DM rates detected by 18 FDG-PET/CT with the clinical stage [17, [22] [23] [24] 27, 29, 31, 32, 34] . The rate of DM was lowest among studies of patients with invasive lobular cancer compared to studies that had included a mixture of other histologies, such as invasive ductal carcinoma [18] ( Tables 1 and 2 ).
Overall, the rate of DM for presumed stage Ⅰ was low for all cancer types but non-negligible, ranging from 0% to 8.3% [22, 27, 29, 31, 32, 34] . Among the 9 studies that reported the rate of DM in patients with stage Ⅱ breast cancer separately, the prevalence ranged from 0% to 12.4% [17, 22, 24, 27, 29, 31, 32, 34] . Patients with large tumors and/or axillary lymph node metastases appeared to be at increased risk of DM; specifically, the rate of DM was 7.2% (range, 0%-19.6%) and 15.8%
(range, 0%-40.8%) for stage ⅡA and stage ⅡB, respectively [17, 22, 24, 27, 31, 32, 34] .
Tumor size: Among studies that included a significant proportion of patients with large tumors (T2 and/or T3), the DM rate was higher and ranged from 8% to 8.4% [18, 19] , as compared to the range of 1.5% to 4.8% in studies including patients with smaller tumors [21, 23, 28] . However, since those latter studies also included a small proportion of patients with stage Ⅲ disease and did not analyze the metastatic rate in relation to the clinical stage, the correlation between tumor size and DM rate remains unclear.
Nodal status:
Patients who presented with N1 disease also presented with a higher risk of having DM. The rate of DM was 6% and 20% for N0 and N1 disease, respectively [31] .
Receptor status: Among the 232 patients with triplenegative breast cancer, the DM rate was 0% and 10.9%
for clinical stage Ⅰ and stage Ⅱ diseases, respectively, but there was no comparison performed with receptorpositive cases [32] . Other studies did not report the rates of DM according to receptor status.
Age: Two studies reported the influence of age on DM rate [27, 33] . In the first study, among 134 young patients (< 40-year-old), the DM rate was 5% and 10.9% for clinical stage Ⅰ and stage Ⅱ, respectively [27] . In the second study, among 214 stage Ⅰ-Ⅲ patients, the DM rates did not differ significantly between the age groups of < 40-year-old and ≥ 40-year-old [33] . However, the DM rates in the younger age group were 8% in stage Ⅰ, 9% in stage ⅡA and 17% in stage ⅡB, equating to 2x's Vinh-Hung V et al . 18 FDG-PET and breast cancer Choi et al [19] Riedl et al [27] FDG-PET and breast cancer higher than those found in the first study.
Histologic grade: Histologic grade of the tumor may also be associated with increased risk of developing DM. Among 141 patients with moderate to poorly differentiated invasive breast cancers, the rate of DM was 30% for stage Ⅱ patients [22] . However, correlation between tumor histologic grade and DM risk was not investigated in other studies [17] [18] [19] [20] [21] 23, 24, [26] [27] [28] [29] [30] [31] [32] [33] .
DISCUSSION
This article reviews the role of FDG-PET/CT scan may also be capable of identifying a second primary cancer, its main role in patients with breast cancer is the detection of DM, which could preclude upfront surgery [16] .
Furthermore, the detection of DM could be of critical importance for the correct classification of patients and in the evaluation of treatment outcomes. As the risk of DM is low in "early stage" asymptomatic breast cancer patients, an expensive imaging study, such as with the 18 FDG-PET/CT scan, is not justified for the staging workup of all patients [6, 35] . However, breast cancer is a heterogeneous disease, with some subgroups of patients at risk of developing DM even at the early stage. Subgroups of breast cancer patients with worse outcome include younger patients [36] and patients that have tumors with a more aggressive biological profile [37] . Rare histologic subtypes, such as metaplastic carcinoma of breast and invasive micropapillary carcinoma, are also more frequently associated with poor prognosis because of the high T2: 69 T3: 4 T4: 5 Nursal et al [31] [24] 142 51 9.10% (2/22) 7.00% (4/57) 7.60% Jeong et al [25] 70 54.9 0% (0/64) 0% (0/6) 0% Riedl et al [27] [32] 169 51 5% (4/82) 15% (13/87) 9.50% Lebon et al [33] FDG-PET: [18] fluorodeoxyglucose-positron emission tomography; NS: Not specified.
Vinh-Hung V et al . 18 FDG-PET and breast cancer rate of axillary lymph node involvement and DM [38, 39] . Genomic classification of risk, such as the oncotype DX and Perou's studies, also identified the risk of distant recurrence [40] [41] [42] . Thus, those patients at high risk of systemic spread may benefit from early diagnosis of DM, for which chemotherapy may be initiated in a timely manner and unnecessary surgery may be avoided. The benefit of 18 FDG-PET scan may outweigh its cost in those circumstances.
In patients with clinical stage Ⅰ breast cancer, regardless of age, tumor grade or aggressive histology, the risk of DM as diagnosed by 18 FDG-PET scan ranged from 0% to 8.3% [22, 27, 29, [31] [32] [33] [34] . This low, though not negligible, metastatic rate has been corroborated in studies with a high proportion of patients with T1 and N0 disease [21, 23] . FDG-PET scan ranged from 0% to 12.4% [17, 22, 24, 27, 29, 31, 32, 34] .
As stage Ⅱ breast cancer patients also comprise a heterogeneous group, the risk of DM is higher for patients with stage ⅡB disease (T3N0M0, T2N1M0) than for those with stage ⅡA (T1N1M0, T2N0M0) disease. Discounting the one study that included only 6 patients with stage ⅡB disease [25] , the risk of unsuspected DM diagnosed by 18 FDG-PET scan ranged from 2.8% to 19.6% for stage ⅡA and 9.1% to 40% for stage ⅡB, respectively [17, 22, 27, 31, 32, 34] (Table 2) .
Patients with stage ⅡB have larger tumors than those with stage ⅡA. As tumor size has been reported to be correlated with an increased risk of DM, this may be one of the reasons underlying the higher rate of DM at diagnosis [43] . Other studies have corroborated the increased prevalence of DM diagnosed with 18 FDG-PET scan for patients with large tumors compared to those with smaller tumors [18] [19] [20] [21] 23, 28] . It is likely that other factors, like axillary lymph node metastases and tumor biology, may also lead to a high rate of DM at diagnosis [22, 24, 27, 29, 31] . Patients with triple-negative breast cancer frequently have a worse prognosis than their counterparts who harbor other subtypes because of the high rate of DM [44] . A 10% rate of unsuspected DM was seen on 18 FDG-PET scan compared to conventional imaging for patients with clinical stage Ⅱ breast cancer [32] . However, even among those triple-negative breast cancer patients, the rate of DM remained low for stage ⅡA disease. Specifically, the DM rate was 5% and 15% for stage ⅡA and ⅡB triple-negative breast cancers, respectively.
Another prognostic factor that has been reported in the literature is the patient age at diagnosis. Young patients (< 40-year-old) may have a more aggressive tumor biology that translates to a lower survival rate compared to older patients [36] . Among young patients with breast cancer, those with stage ⅡB disease had a 17% rate of DM compared to 5% for stage ⅡA. The incidence of DM in patients with clinical stage ⅡA with moderate to poorly differentiated grade carcinoma climbs to 19.6% after 18 FDG-PET scanning [22] . Tumor biology needs to be taken into account beyond the conventional TNM staging. In patients with invasive micropapillary carcinoma, for example, a high rate of DM detected by 18 FDG-PET scan before surgery has been reported. Among 16 patients with invasive micropapillary carcinoma who underwent 18 FDG-PET scan when the tumor was diagnosed, axillary lymph node metastases and DM were observed in 12 (75% of cases) [45] . To date, this is the first study looking at the impact of 18 FDG-PET on the management of invasive micropapillary carcinoma, a rare tumor with a high rate of axillary lymph node invasion and DM, even in the case of a relatively small tumor. Moreover, no study has been performed yet to investigate the role of 18 FDG-PET scan for the diagnosis of occult DM in patients who had surgery for metaplastic carcinoma of the breast, another rare tumor with a poor survival rate associated with a high propensity to metastasize to distant sites.
Our study was restricted by the limited availability of the data correlating clinical stages and biology with the risk of DM diagnosed with 18 FDG-PET/CT scan in patients with early stage breast cancer. Ki-67 is a known prognostic marker [46] but was not reported in any of the recent and largest studies [31] [32] [33] [34] . Most studies were retrospective. The classification of patients into stages was usually done after the 18 FDG-PET/CT image acquisition, which might have affected the selection of patients. Some studies included the more advanced stages, stage Ⅲ and Ⅳ, and a few studies included post-operative patients. Many issues of importance are relevant for breast cancer, notably the emerging role of PET/MRI and its comparison with PET/CT [47] , the use of PET in the monitoring of neoadjuvant therapy [48] , the use for staging and restaging [49] , the standardized uptake values (commonly known as SUVs) and how they relate to lymph node status [50] , the prognostic role of FDG-PET [51] and the suitability for treatment planning [52] ; all these represent immensely exciting domains of breast cancer research, but would have confused the scope of the present study, namely the rates of DM.
In summary, the current review suggests a need for future prospective studies looking at subgroups of patients who would most likely benefit from PET scan before surgery-stage ⅡB, poorly differentiated tumors, rare tumors with aggressive biology, such as invasive micropapillary carcinoma, and young age. These patients would most likely receive systemic therapy. Detection of DM could help in selecting the optimal sequence of therapies and the monitoring thereof. Incorporating biomarkers such as c-erbB2 and genetic arrays in those studies may further help the clinician to define the risk of DM at diagnosis for patients with early stage breast cancer. 
COMMENTS
Background
Staging of cancer is the process of identifying and classifying the extent of the disease. Staging is important to aid the clinician in planning treatment, to inform the patient on prognosis, to evaluate the results of treatment, and to facilitate the exchange of information between treatment centers. Initial staging is based on all evidence acquired before treatment. The evidence arises from physical examination, imaging, pathology, and/or endoscopic or surgical exploration.
Research frontiers
In early breast cancer (small tumor and no symptom), previous diagnostic studies rarely detected metastases. The contentious issue is that the earlier studies were based on the use of conventional imaging with poor detection performance. Metastatic disease might have been missed. [18] fluorodeoxyglucose-positron emission tomography/computed tomography ( 18 FDG-PET/CT) combines metabolic and anatomic imaging. It requires a dual competence in radiology and in nuclear medicine. Negative reviews of its role in breast cancer confounded it with 18 FDG-PET alone, did not have the joint nuclear-radiologist's expertise to analyze the images, or focused only on the detection of regional lymph node involvement. There has been no pooled evaluation of the rates of distant metastases detected with 18 FDG-PET/CT. This study fills the gap.
Innovations and breakthroughs
Applications
The present review identifies groups of patients with early breast cancer, who are at high risk for distant metastases, notably those with stage ⅡB or aggressive histologies, in whom it might be prudent to reconsider the role of 18 FDG-PET/CT.
Terminology
18 FDG is a radioactively labeled glucose analog. It allows the detection of tissues that have a high glucose uptake, such as tumors with a high metabolic activity. Imaging with 18 FDG, the 18 FDG-PET, shows areas of high activity. The 18 FDG-PET imaging combined with CT imaging shows where the areas of high activity are distributed in the body; N1 disease: Cancer that has spread to regional lymph nodes; Distant metastases: Cancer that has spread beyond the breast and regional lymph nodes to distant organs or distant lymph nodes;
Triple-negative breast cancer: Breast tumor that tested negative for the estrogen receptor, the progesterone receptor, and the human epidermal growth receptor HER2. Triple negative tumors might respond to chemotherapy but will not to receptor targeted treatments.
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